In a phytochemical and chemotaxonomical investigation of Castanopsis species (Fagaceae), new monomeric and dimeric ellagitannins, named carlesiins A (1) and B (2), were isolated from fresh leaves of Castanopsis carlesii along with 55 known compounds. Carlesiin A was identified as 1-O-galloyl-4,6-(S)-tergalloyl-β-D-glucose. Carlesiin B is a macrocyclic ellagitannin dimer with a symmetrical structure composed of two tergalloyl and two glucopyranose moieties. Their structures were elucidated based on spectroscopic and chemical evidence.
INTRODUCTION
The species in the Castanopsis (Fagaceae) genus are evergreen trees that are found in East Asia, sometimes as the dominant species in a forest. These trees are often used as forestry or ornamental trees, and the wood is an important construction material. There are about 120 species in the genus, but the chemical compositions of only a few species have been studied. The leaves of Chinese and Japanese Castanopsis sp. are rich sources of polyphenols, and each species has a unique phenolic composition. We conducted a phytochemical and chemotaxonomical investigation of the Castanopsis sp. to determine how these plant resources could be effectively utilized. Our investigations of C. cuspidata var. sieboldii, 1,2 C. hystrix, 3, 4 C. fissa, 5 and C. sclerophylla, 6, 7 have revealed the presence of characteristic metabolites, including triterpene hexahydroxydiphenoyl (HHDP) esters, phenylpropanoid-substituted flavan-3-ols, ellagitannins, and galloyl esters of quinic acid. In the present study, we examined the leaves of C. carlesii collected in Southern China and isolated two new ellagitannins and 55 known compounds. The differences in the phenolic composition compared to other species are also discussed.
RESULTS AND DISCUSSION
The fresh leaves were extracted with 80 % aqueous acetone, and the extract was subjected to a combination of column chromatography using Sephadex LH-20, Diaion HP20SS, MCI gel CHP 20P, Toyopearl Butyl 650C, Chromatorex ODS, Toyopearl HW F40, and Avicel cellulose to afford 57 compounds, including the two new ellagitannins 1 and 2 (Figure 1 ). The known compounds were identified by comparison of their spectroscopic data to data acquired from authentic samples and literature data (see Experimental).
Figure 1. Structures of 1, 2, and 1a
Carlesiin A (1) was obtained as a brown amorphous powder, which gave a dark blue color with ethanolic FeCl 3 reagent. The molecular formula C 34 H 26 O 23 was determined by high-resolution fast atom bombardment mass spectrometry (HR FAB-MS), which showed the [M+H] + ion peak at m/z 803.0962
(Calcd for C 34 H 27 O 23 , 803.0943). The proton nuclear magnetic resonance ( 1 H-NMR) spectrum of 1 (Table   1) showed an anomeric proton signal at δ 5.72 (d, J = 8.2 Hz, H-1). The large coupling constants of the remaining sugar proton signals (J 2,3 , J 3,4 , and J 4,5 = 9 -10 Hz) indicated that this sugar was a β-glucopyranose in the 4 C 1 conformation. Downfield shifts of the glucose H-1, H-4 and H-6 indicated esterification of these positions. As for the acyl groups, the presence of a galloyl group was apparent from the 1 H [δ 7.17 (2H, s)] and 13 C NMR signals. Comparison among the chemical shifts of the remaining three aromatic protons [δ 6.55 (H-3'), 6.73 (H-3), 6.92 (H-6")] and 18 aromatic and three carboxyl carbons, indicated the presence of a HHDP ester group with an additional gallic acid moiety. Among the aromatic carbon signals, the signal at δ 132.0 is characteristic of the C-2' of tergalloyl group. 8, 9 This was confirmed by acid hydrolysis of 1, which gave gallic acid and tergallic acid dilactone (1a). These compounds were also isolated from the same extract in the present study. The and a negative effect at 261 nm ([θ] 261 -3.3×10 5 ). 10 The glucose core was deduced to be in the D configuration because coexisting known ellagitannins isolated from the same plant source have a D-glucopyranose core. Based on these spectroscopic and chemical results, the structure of compound 1 was confirmed to be 1-O-galloyl-4,6-O-(S)-tergalloyl-β-D-glucose and was named carlesiin A.
The 1 H NMR spectrum of carlesiin B (2) was closely related to that of 1, showing three aromatic singlets at δ 6.46, 6.70, and 7.00, and a set of signals attributable to 1,4,6-O-acylated β-glucopyranose (Table 1) .
The presence of gallic acid trimer and glucopyranose residues was also apparent from the 13 C NMR signals. However, signals for the galloyl ester were not observed in the spectra of 2, and the matrix assisted laser desorption/ionization time of flight mass spectrometry (MALDI-TOF-MS) [M+Na] + peak was at m/z 1287. The results indicate that 2 is a dimeric ellagitannin with a symmetrical structure composed of two glucopyranose and two triphenoyl groups. The C-2' of the triphenoyl group resonated at δ 127.9, which is different from that of tergalloyl group (δ 132.0). 8, 9 The chemical shift was related to those of valoneoyl (C-2': about δ 126) 7 and macaranoyl groups (C-2': about δ 124), 9 which are positional isomers of the tergalloyl group ( Figure 4 ). The acyl group was chemically confirmed by hydrolysis of 2, which gave tergalloyl acid dilactone (1a). 
CONCLUSION
Although dimeric and oligomeric ellagitannins have been isolated from many plant families, 11 
only two
Castanopsis plants have been shown to contain the ellagitannin dimers. One is C. sclerophylla, which contains rugosin E with a valoneoyl group (Figure 4) as one of the major polyphenolic constituents (0.50 % from fresh leaves). 7 The other is C. carlesii, which was examined in this study, although the yield of the dimeric ellagitannin 2 is very low (isolation yield 0.0007 % from fresh leaves). C. carlesii contains monomeric ellagitannins as the major constituents, pedunculagin [2,3;4,6-bis-(S)-HHDP-D-glucose; 
Plant material
The leaves of C. carlesii were collected at Guangxi Institute of Botany, Guangxi, China, in August 2009, and identified by Prof. Wei Fa-nan. The voucher specimen (CC20090826) was deposited in the Herbarium of Guangxi Institute of Botany, China.
Extraction and separation
The fresh leaves of C. carlesii (7. (15 min) ; flow rate, 0.8 mL/min; and detector, Jasco photodiode array detector MD-910. The peaks at 8.69 min and 24.57 min corresponded to the derivatives prepared from gallic acid and tergallic acid dilactone, respectively. Hydrolysis of 2 (1.0 mg) was also achieved in a similar manner, and the HPLC showed a peak for the tergallic acid dilactone.
Production of 2a from 2
A solution of 2 (5.2 mg) in MeOH (0.5 mL) was treated with an ether solution of CH 2 N 2 at 0 °C for 2 h.
After concentration under reduced pressure, the residue was dissolved in 1% NaOH in 50 % MeOH (1.0 mL) and heated at 80 °C for 1 h. The reaction mixture was acidified with 0.5 mol/L HCl (1.5 mL) and
partitioned between ethanol and water. The organic layer was dried with anhydrous Na 2 SO 4 , and then treated with an ether solution of CH 2 N 2 at 0 °C for 2 h. The reaction mixture was concentrated, and the product was purified by silica gel chromatography with toluene-acetone (100: 
